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P By W. R. Witzkd 

A s  part of the NASA's general program of research 

use at  very high temperatures, we have, at the Lewis Research Center, a 

substantial  effort on the metallurgy of tungsten and tungsten alloys. 

Since it i s  generally believed that the b r i t t l e  behavior of recrystal- 

l i zed  tungsten i s  caused by small concentrations of impurity elements, a 

portion of this research i s  devoted t o  producing high purity tungsten and 

t o  determining i f  the elimination of impurities from tungsten significantly 

increases i t s  duct i l i ty .  

In  order t o  reduce the impurity content i n  commercially available 

tungsten we have employed floating-zone melting using eEectron bombard- 

ment for  heating. The important advantages of th i s  method axe a high 

temperature capability, a high vacuum condition, and a l o w  power requirement. 
4 

The purposes of this  paper i s  t o  describe the apparatus used for  the 

zone m e l t i n g  of tungsten rods, t o  indicate some of the problems involved, 
; 

and t o  discuss sane of the results.  

APPrnTITS 

. /  A photograph of the electron bcanbardment zone melting unit i s  shown 

i n  figure 1. 

melting mecha,nism, assorted vacuum pumping equipment, and the e lec t r tca l  

power and control equipment. 

The unit consists of a vacuum chamber containing the zone 

c q y  Fn, 
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The vacuum chamber i s  approximately 24 inches high by 10 inches id'------- 
E__,---- 

A water jacket s&-.-+--.----- 
H--.--- 

diameter and i s  made of standard forged s t ee l  pfpe. 

rounds the chamber. Several flanged openings sealed with O-ring gaskets 
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The chamber i s  evacuated by an Evapor-ion (titanium-getter) pump and 

a six-inch aiffbion pump package. A l iquid nitrogen t rap  i s  used i n  con- 

junction with the o i l  diffision pump t o  minimize backstreaming of o i l  i n to  

the melting chamber. 

A s  can be seen i n  figure 2, the zone-melting mechanism i s  attaahed 

t o  the base-plate of the vacuum chamber. 

number of small components: the speclmen, the specimen support, the 

electron *gun,'' a lead screw and the gun carriage, and two e lec t r ica l  leads. 

The specimen remains stationary while the gun traverses up and down. The 

lead screw providing motion t o  the  gun carriage i s  driven by a small d.c. 

motor through a gear reducer and a rotary vacuum seal. 

t r i c a l  leads pass through and are insulated f r o m  the base p la te  by Mycalex 

insulators. 

coating of the insulators with evaporated tungsten, the insulators are 

shielded by Pyrex tubes. 

This mechanism i s  made up of a 

The copper elec- 

In  order t o  prevent a short c i rcu i t  a t  this location due t o  

The electron gun consists of a 0.020 inch diameter tungsten filament 

surrounded by several molybdenum focusing plates.  

the form of a loop about 3/4 inch in diameter, i s  spaced approximately 

1/4 inch fYm the top and bottom focusing plates.  The speclmen passes 

through a 3/8 inch opening i n  the center of the plates.  

molybdenum i s  included t o  aid i n  focusing the  electrons. 

i n  this shield permits the  operator t o  see the molten zone. 

screws hold the filament i n  place and also ac t  as terminal posts for  the 

f lexible  copper leads. 

The filament, made i n  

An outer shield of 

A small opening 

Molybdenum 

A f'unctionalblock diagram i l l u s tmt ing  the e lec t r ica l  c i r cu i t  used 

for electron bombardment melting i s  shown i n  figure 3.  High voltage d.c. 
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power is  supplied by a transformer and two r e c t i f i e r  tubes. 

power is llmited i n  voltage by a Var iac  and i n  current by a series of re- 

s i s tors .  The high voltage i s  impressed on the filament, thus driving the 

electrons emitted by the heated f i lament  t o  the grounded specimen. 

used i n  the electron bmbardment i s  sensed by a resis tor .  

across the  r e s i s to r  i s  compared t o  a control voltage determined by a vari- 

able r e s i s to r  and battery circui t .  The voltage difference or  error  is fed 

in to  the filament heat control, i n  t h i s  case, a Brown amplifier that drives 

the Variac feeding the filament transformer. The feedback, thereby, con- 

t r o l s  the electron emission and the bombardment current by varying the 

filament temperature. 

This supply of 

Current 

The voltage drop 

OPERATION 

The procedure normally followed in zcne melting a l/B-inch diameter 

tungsten rod i s  t o  i n i t i a l l y  outgas the rod a t  a power level  jus t  below 

that required for  psoduclng surface melting. 

used. 

tanperatme i s  t o  about 5000° F. The melting pass that follows is  usually 

carried out at  a slower gun traverse rate, about 2.5 mm/min, i n  a downward 

direction and a t  a power leve l  of about 600 watts. !The power l eve l  is  ad- 

justed according t o  the appearance of the floating zone. 

seen inthekaacbwd zone, the ewe  of t'ne tungsten rod i s  consfdered t o  

be completely molten. Subsequent metallographic t?xmina,tion of the z e m -  

melted rods showed that the structure was uniform *om the surface t o  the 

center, thus confirming that the rods had been completely melted. If too 

much power i s  applied, the surface tension forces became insufficient t o  

support the molten zone and the rod ''burns through." 

About 400 watts axe presently 

With the gun traveling a t  about 10 mm/min a t  t h i s  power, the zone 

If a bulge i s  
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The melting operation i s  mually carried out a t  a pressure of approxi- 

To avoid carbon contamination from backstreaming d i f -  mately 5X10-6 mm Hg. 

f'usion pump o i l  the Evapor-ion pump i s  used alone. 

-her lowered t o  about 2X10'6 mm Hg during melting by using the additional 

pumping capacity of the 6-inch diffusion pump with i t s  l iquid nitrogen trap.  

The pressure can be 

A number of d i f f icu l t ies  have been experienced during melting. The 

most cammonp~blem is an overcurrent condition result ing flvlm sudden gas 

bursts that can't be compensated fo r  by the controller or the current 

l h i t e r .  A n  overcurrent relay breaks the c i rcu i t  when t h i s  condition occurs. 

The melting can usually be restar ted without much noticeable difference i n  

the uniformity of the specimen diameter. 

In order t o  provide the maximum amount of zone-refined material f o r  

evaluation, we would l i ke  t o  produce zone-melted rods of  uniform diameter. 

However, the bulge formed during melting carries away a small amount of 

tungsten from the s ta r t ing  region, leaving a neeked section, and deposits 

t h i s  amount a t  the end of the pass. 

i s  shown i n  figure 4.  

A rod having only these imperfections 

About 50 percent of the tungsten rods have a fairly uniform diameter 

af ter  the first melting ,pass. 

the rod will have a ser ies  of necked portions instead of the single i n i t i a l  

necking that should take place. 

not known, but i s  believed t o  be related t o  such factors as the sharp 

temperature gradient existing i n  the heated zone and the vibration fl-m 

pumps and other equipment. Further surface i r regular i ty  on the rod i s  

at t r ibuted t o  control ins tab i l i ty  resultLng from the outgassing of the 

rod and the deposition of vapors on the filament loop. 

The remainder have some defect, Often 

The cause of t h i s  rippled appearance i s  
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FESuLrTS 

Up t o  this time, most of our effort has been devoted t o  developing the w 

zone m e l t i n g  apparatus. W e  have, however, successf'ully zone melted both 

1/8- and 3/16-lnch diameter tungsten rods. 

m e l t  1/4-inch tungaken rods but the  power available was sufficient only fo r  

surface m e l t i n g .  

fb at$empt was made t o  zone 

In  order t o  achieve maximum purification cf tungsten by zone refining, 

we would like t o  be able t o  make m u l t i p l e  melting passes. 

of re la t ive ly  unifcrm dlameter have been obtained after repeated melting, 

a defect on the rods i n  one pass may often be emphasized i n  t he  succeeding 

pass. Because of the desire t o  evaluate the zone melted mterial produced 

i n  this equipment, we have thus far concentrated on rods given only a 

single melting pass. 

Although rods 

X-ray diff'raction photographs of the edge of rotating spechens of 

1/8- and 3/16-inch tungsten rcds indicate that a single crystal  i s  usually 

formed duping the first zone-melting pass. 

rods a l so  indicate that they a re  single crystals.  

planes are selectively etched and extend the full length of the  zone- 

melted section. 

Macroetchfng of zone-melted 

Certain crystallographic 

W e  have not yet adequately determined the extent of purification 

achieved by the zone-melting of tungsten in eur 8pparatus. 

f e w  available chemieal analyses are of interest  i n  tmt they indicate that 

a single melting pass significantly lowers +&e h p w f t y  content of can- 

mercially pure tungsten. For example, the oxygen content, i n i t i a l l y  a t  

140 ppm, was brough down t o  4 ppm) iron was reduced fram 40 ppm t o  less 

than 10 ppmi and molybdenum f r a m  80 ppm to less than 30 ppm. 

Ehwever, the 
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In order t o  determine i f  zme-refining improves the & m t i l i t y  of 

tungsten, we have conducted room temperature bend tests. 

some of the bend t e s t s  are i l lus t ra ted  i n  figure 5. 

(swaged and centerless ground) rad exblbited no bend auct i l i ty ,  

piece of this rod, which had been recrystall ized during an annealing pass 

i n  an attempt t o  degas ito was also b r i t t l e .  I n  contrast, the one-pass 

zone-melted rod w a s  quite duct i le  and bent +bough an angle of llOo 

without fracture. 

radius limited the angle of  bend t o  110". 

whether the increased duc t i l i ty  i s  the result of purification achieved 

by zone-melting or  i s  solely due t o  the fac t  that the zone-melted rod i s  

a single crystal. 

me results of 

The "as received" 

Another 

The test fixtwe which has a fulcrum with a 3/32-inch 

It i s  not known a t  this time 

A f e w  high temperature tensi le  t e s t s  of the zone-melted tungsten 

rods have. been cmducted. 

a specimen that was evaluated a t  25003 P. 

the length of the specimen where deformation occurred. 

Figure 6 shows the chisel-shaped f'racture of 

Sl ip  lines can be seen along 

Swaging attempts a t  room temperature resulted i n  shatterfng of the 

zone-mel+,ed material but swaging a t  1600' t o  1700' I? was readlly accm- 

plished. 

900' F. 

The zone-melted rod also rolled eas i ly  when heated t o  about 

CONCLUDII?G REWINE 

The electron bombardment zone-refining apparatus described i n  t h i s  

paper has FTW& llsefhl fcr prsparing Ugh p r f t y  ?xngsten single crystals.  

Modifications are being made t o  the equipment i n  an attempt t.0 improve 

the surface uniformity o f  the mne-melted rods. W e  are  currently 



attempting to determine the effect of multi&e meltfng passes c 

purificatian of tungsten, utilizing both chemical analyses and low tem- 

perature electrical resistivity measurements t o  establish impurity con- 

centrations. 

tween tungsten purity and its mechanical properties. 

the 

In this way, we hope to establish a better correlation be- 



Figwe 2 



Figure 3 

Figure 4 
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Figure 5 

Figure 6 


